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Abstract 
An experiment was carried out in the fields of the Agronomy Field Laboratory, 
Bangladesh Agricultural University, Mymensingh, Bangladesh to determine the impact 
of common carp (Cyprinus carpio) and tilapia (Oreochromis niloticus) culture on arthropod 
population, zoobenthos and weeds of rice field. The treatments were: (1) rice combined 
with mono sex tilapia, (2) rice combined with common carp, (3) rice combined with a 
mixed culture of mono sex tilapia and common carp and (4) rice alone. It was observed 
that tilapia significantly reduced the number of arthropods, green leafhoppers and white 
leafhoppers in the rice-fish production systems. Benthos analysis revealed significant 
effects of fish culture on the abundance of molluscs, oligochaete worms and chironomid 
larvae. Lowest number of benthos was obtained in the treatments with common carp and 
significant reduction of the weed biomass was observed, especially in the tilapia 
containing plots. Based on the results of the study it can be suggested that common carp 
may play an important role in controlling of benthic organisms, while tilapia might be 
more effective to control terrestrial arthropods and weeds. 
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Introduction 
Rice fields are rich in numerous species of plants and animals that can contribute to 
aquatic biodiversity in agricultural system, especially in tropical and subtropical 
countries. Fish culture with rice in the same field is important for rational utilization of 
limited land resources, as well as a sustainable source of fish protein, additional income, 
and employment generation (Sollows and Thongpan 1986 and Ghosh 1992). 
Fish have been suggested to act as biological control agents for mosquitoes and 
aquatic rice pest. Fish can eat pests that fall into the water or those that pass part of 
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their life cycle in the water or at the base of the rice plant (Cagauan 1995). She also 
mentioned that several studies have been done for the control of arthropods by fish but 
most of them are insufficient to statistical inference. Literature also indicated that a few 
groups of arthropod pests seem to be controlled: leafhoppers, plant-hoppers, leaf-folders 
and stem borers (Cagauan 1995, Xiao 1995) but the species eaten and the quantities 
consumed are related to the life cycle of the species ()Ciao 1992). 
In rice production countries, the utilization of chemical pesticides has been 
increased significantly in the past decades. In Bangladesh, about 8,000 mt insecticides 
are used in agricultural lands of which 25% of the insecticides directly or indirectly 
contaminate the open water (Mazid and Haider 2005). Various harmful effects of 
pesticides used in rice fields on fish have been identified: fish mortality, changing of 
fish physiology, effects on fish breeding and feeding habitat and increasing fish diseases 
(Mazid and Haider 2005). The insecticides are being widely used in the rice fields to 
control insect pest that act as neurotoxicants by affecting synaptic transmission in 
cholinergic part of the nervous systems of fishes in rice-fish culture systems (De Mel 
and Pathiratne 2005, Cagauan and Arce 1992). 
Many fish species utilize weeds as their natural feed and consequently reduce weed 
biomass in rice fields. Yufang et al. (2003) found that the community of predatory 
arthropods in weed habitat is one of the main species pools for reestablishment of the 
community in rice field. However, it is well documented that the higher abundance of 
weeds, the higher infestation of insect pests but the interaction of insect population and 
weed abundance in rice fields is important. Therefore, aim of the present study was to 
assess the impact of common carp, Cyprinus carpio and monosex tilapia, Oreochromis 
niloticus culture on arthropods population, zoobenthos and weed abundance. 
Materials and methods 
Experimental site 
The experiment was conducted at the Agronomy Field Laboratoty, Bangladesh 
Agricultural University, Mymensingh during the rainy season from June to November, 
2005. The experimental site is under the Old Brahmaputra Flood Plain Agro-ecological 
Zone having non-calcareous dark grey soils of silt loam texture. 
The experiment was consisted with 12 plots, each comprising an area of 150 m 2 . 
Small water channels (70 cm width and 30 cm depth) were made between the plots to 
supply water in the experimental plots. Each plot had an inlet and outlet in the dikes 
(height 60 cm, base width 50 cm and top width 40 cm) for regulation of water depth. 
Nylon nets fixed with bamboo poles were placed around each plot to prevent the entry 
of unwanted animals in the plot and escaping of stocked fish. 
Experimental design 
The experiment was undertaken with four treatments each with three replications. 
The treatments were laid out in a randomized complete block design (RCBD). The 
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treatments were: (1) rice-mono sex tilapia (Oreochromis niloticus), (2) rice-common carp 
(Cyprinus carpio), (3) rice-mono sex tilapia-common carp and (4) rice alone. 
Field management 
The experimental plots were plowed two times using a power tiller. The weeds were 
removed and the land was then leveled by laddering. A small refuge pond was excavated 
in the middle of each plot, covering an area of 4 m 2 with 0.5m depth to provide shelter 
for fish during low water level and high temperature. 
A basal dose of fertilizer was applied one day before transplanting according to the 
recommended dose of BRRI (2004), i.e. 150 kg/ha of triple super phosphate (TSP) and 
75 kg/ha of muriate of potash (MP). Urea was supplied according to the BRRI (2004), 
i.e. 220 kg/ha in the three control plots in three installments at 16, 30 and 55 days after 
transplanting (DAT) of rice seedlings with one-third of the total dose during each 
application. No pesticide was applied to the crop during the experimental period. 
The seedling of BR 11 were transplanted from a nursery into the experimental plots 
at 35 DAT in alternate row spacing of 35 cm and 15 cm as suggested by Hossain et al. 
(1990). The plant to plant distance in the rows was 20 cm. The alternate row spacing 
provides enough space for easy movement of fish and to penetrate sunlight in the water 
between the rows which improves the growth of plankton for fish feed. 
Fish fingerlings were released at 18 DAT in the experimental plots at a density of 1 
fish per m2 . The mixing ratio of carp and tilapia in treatment three was 1:1. Fish were 
weighed by plot and released into the central refuge ponds. The average weight of the 
fish was 11.7 g. 
Feeding was started five days after stocking. Feed ingredients were purchased from 
the local market in the city of Mymensingh. The ingredients were thoroughly mixed and 
made into 4 mm pellets. The feed composition was 50% fish meal (NutriFish 65, 
Carolina By-Products Inc, Winchester, Virginia, USA), 44% wheat flour, 4% soybean oil 
and 2% mineral and vitamin premix (Eskavit Fish Premix, SK+F Bangladesh Ltd., 
Gazipur, Bangladesh). The proximate composition of feed on a dry matter (DM) basis 
was 41.2% crude protein, 12.4% crude lipid, and gross energy19.5 kJ/g. 6.4 g of feed per 
kg metabolic body mass per day (gke/day) were provided at 2 x maintenance feeding 
according to Becker et al. (1983). Feed was provided manually daily at 9 am. Feeding 
level was adjusted fortnightly based on the prospective fish biomass assuming a 
metabolic growth rate of 8 gke/day (Frei and Becker 2005). Water was supplied to the 
plots from the deep tube well and water level was raised gradually ranged from 15-25 cm 
with the growth of rice and fish. 
Collection and identification of arthropod samples 
The insect samples were collected using a vacuum suction device, (Eco-Vac Insect 
sampler, Ecotech GmbH, Bonn Germany). Samples were taken six times at 35, 49, 63, 
77, 91, 105 and 119 DAT. Sampling was done in the afternoon in all plots on all 
21 
M.A. Razzak et al. 
sampling dates. A subplot covering one fourth of the total area of each plot was 
assigned for insect collection. To reduce damage of the rice plants during the flowering 
stage, the sampling area was reduced at sampling date 91 and 105 DAT. During these 
sampling events, three samples each of 1 m 2 area were taken from each plot. All the 
collected insects were immediately killed and preserved in sampling containers 
containing 70% ethanol and stored until the laboratory analysis. The insect species were 
identified and counted by trained staff in the laboratory of the Department of 
Entomology, Bangladesh Agricultural University, Mymensingh. 
Zoobenthos and weed sampling 
Benthic organisms have been collected at 45, 73 and 101 DAT using an 15 X 15 cm 
Ekman dredge sediment sampler. Three samples per plot were taken randomly and 
pooled into one composite sample. The soil samples were flushed through a 0.2 mm 
sieve and analyzed immediately. Benthic organisms were counted and identified using 
magnifying glass and microscope (where necessary). 
Weeds were collected manually from the whole plots at 30, 58 and 86 DAT. 
Collected weeds were washed and sun dried at least for 1 day and then the weight of dry 
weeds was taken. A representative sample was taken from the sun dried samples for 
determination of the dry matter according to AOAC (1990). This was done by grinding 
the samples and drying them overnight in a laboratory oven at 105°C. Weed biomass 
was then expressed as dry matter/m 2 . 
Data analysis 
Mean values and standard deviations were calculated using MS Excel. Mean values 
were compared by performing one way analysis of variance (ANOVA), followed by and 
LSD test to detect statistically significant differences between the treatments at p <0.05. 
As arthropod data were not normally distributed, they were therefore log io transformed 
to comply with ANOVA assumptions. The untransformed mean values are presented in 
the tables. The software used for statistical analyses was Statistica, Version 5 for MS 
Windows (Stasoft, Tulsa, USA). 
Results 
Arthropods 
The species of arthropods identified during the experimental period were 
categorized into rice pests: borers (3 species), plant suckers (6 species) and leaf feeders 
(7 species) and natural enemies: insect predators (6 species), spiders (5 species) and 
parasites (hymenopteran wasp) (Table 1). 
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The number of individuals per square meter for insect pests, predators and 
parasites are presented in Table 2. A significant (p<0.05) difference was found on the 
total number of arthropods between the treatments rice with tilapia and rice only. 
Plant suckers classified into the species of green leaf hoppers, brown plant hoppers, 
white leaf hoppers, zigzag leaf hoppers, white backed plant hoppers and rice bug were 
identified and their population presented in Table 3. Mean green leaf hopper 
population ranged from 14 tol9. Green leaf hoppers was found significantly highest 
(19/m2) in the treatment of rice alone and significantly lower (14/m 2) in rice with tilapia 
treatment. White leafhopper population varied significantly among the treatments and 
ranged from 0.1 to 0.3/m 2. The highest infestation was recorded in the treatment of rice 
alone which was significantly higher than in rice with tilapia. Besides these, other 
species under plant suckers did not show any significant difference among the 
treatments. 
Table 2. Different categories of insects under four different treatments in rice 
and rice-fish plots 
Insects type Treatments Rice-tilapia Rice-carp Rice-carp/tilapia Rice-alone 
Arthropod (No./m 2) 32b 33ab 32 21' 38a 
Insect pests (No./m 2) 17 19 19 21 
Predators (No./m 2) 15 14 13 17 
Borers (No./m 2) 0.1 0.1 0.1 0.1 
Plant suckers (No./m 2) 15.8 18.8 17.9 20.9 
Leaf feeders (No./m 2) 0.7 0.6 0.5 0.6 
Insect predators (No./m 2) 1.6 1.5 1.3 1.9 
Spiders (No./m 2) 7 5 4 7 
Parasites (No./m 2) 6 7 '8 8 
Mean values were compared by ANOVA followed by LSD test. Data were log io transformed prior to statistical 
analysis. Different superscript letters within one line denote statistically significant differences at p<0.05. 
Table 3. Number of different plant sucker arthropods observed in different treatments 
under rice-fish culture system during rainy season, 2005 
Plant suckers Treatments Rice-tilapia Rice-carp Rice -carp/tilapia Rice only 
Green leaf hoppers (No./m2) 1 4b 17ab 16 ab 19' 
Brown plant hoppers (No./m 2) 0 0 0 0.1 
White leaf hoppers (No./m 2) 0.1" 0.2' 0.2' 0.3' 
Zigzag leaf hoppers (No./m 2) 0.1 0.1 0.1 0.1 
White backed plant hoppers 
(No./m2) 1.1 1.0 1.2 0.8 
Rice bug (No./m 2) 0.2 0.1 0.3 0.3 
Mean values were compared by ANOVA followed by LSD test. Data were log o transformed prior to statistical 
analysis. Different superscript letters within one line denote statistically significant differences at p<0.05. 
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Zoobenthos and weeds 
The zoobenthos population consisting of molluscs, worms and chironomids was 
affected by the presence of fish (Table 4). The number of molluscs was found 
significantly lower in the treatments of rice-carp and rice-carp-tilapia at 45 DAT and 
this was higher in rice-tilapia plot both at 73 and 101 DAT. Significantly higher number 
of worms was observed in the treatment of rice alone at 45 and 73 DAT. On the other 
hand, the number of chironomids were significantly lower in rice-carp at 45 DAT but 
higher in rice alone than the other treatments. The abundance of worms and 
chironomids were very low in all the plots and there was no significant difference among 
the treatments. 
Table 4. Number of molluscs, worms and chironomids observed in different 
treatments under rice-fish culture plots 
Benthic 
organisms 
DAT Treatments 
Rice-tilapia Rice-carp Rice-carp-tilapia Rice alone 
Molluscs 45 11.0±5.2ab 2.3±3.2 b 2.3±2.5 b 19.7±16.3a 
73 8.3±2.P 2.3±1.2b 0.7±0.6b 3.7±3.1 b 
101 5.0±2.7a 0±0b 0.3±0.6b 3.3±1.2a 
Worms 45 4.7±0.6b 2.3±2.5b 3.7±3.8 b 12.7±1.5' 
73 3.0:t3.e 2.0±2.0 b 1.0±1.0b 6.3±2.5' 
101 0.7±0.6' 0±0' 0±0' 2.6±3.5' 
Chironomids 45 10.3±4.5' 1.7±2.9 5.3±4.6a b 10.3±3.8' 
73 1.0±1.0 6 1.3±2.3 b 0.3110.6" 8.3±3.2' 
101 0.3±0.6a 0±0' 0±0' 1.3±1.5a 
DAT, day after transplanting.Mean values were compared by ANOVA followed by LSD test Different 
superscript letters within one line indicated statistically significant differences at p<0.05. 
A significant effect of the presence of fish on the weed biomass was observed in the 
experiment (Table 5). The total dry weight of weeds biomass at 58 and 94 DAT was 
reduced significantly in presence of fish. Total weeds biomass was the lowest in the 
treatment of rice with tilapia than the other treatments. 
Table 5. Dry matter of weeds found in different treatments under rice-fish culture plots (g/m 2) 
DAT 
Treatments 
Rice-tilapia Rice-carp Rice-carp-tilapia Rice alone 
30 5.8±4.9 31.8±21.6 15.0±16.3 22.1 ±3.1 
58 2.6±1.1 b 16.9±12.8ab 3.7±6.1 b 31.2±15.6' 
94 0.4±0.5 b 2.2±3.0 b 0.1±0.2 b 9.5±5.5a 
Total 8.8±5.2 6 50.9±33.4ab 18.9±22.6b 63.3±23.4' 
DAT day after transplanting. Mean values were compared by ANOVA followed by LSD test. Different 
superscript letters within one line indicated statistically significant differences at p<0.05. 
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Discussion 
In general, the present study supports the potential of fish to feed on arthropods of 
rice field but its impact on population of rice pest and natural enemies (predators and 
parasites) was not statically significant. However, the total number of arthropods was 
higher in the treatment of rice alone than the other treatments (rice with fish) which 
indicated that fish have effect on insect pests of rice in the fields. Similarly, Mazid et al. 
(1993) and Kumah et al. (1996) reported that introduction of fish in rice fields reduces 
insects and aquatic weeds. 
Brown plant hopper, Nilaparvata lugens has been recognized as a serious pest of rice. 
Sinhababu and Majumdar (1981) observed in laboratory experiments that common carp 
fed on brown plant hoppers, Nilaparvata lugens, when the hoppers fell down on the water 
surface. On the other hand, Vromant et al. (2002) did not find any significant effect on 
the same pest species in a series of experiments on polyculture with common carp in 
Vietnam. Ahad et al. (1987) stated that plant sucker insect pest, white leaf hopper lay 
their eggs on leaf sheath and their nymph also live in leaf sheath near the water level in 
rice field. Tilapia is an insectivorous fish remain on upper layer of water and may feed 
on the insect present near the water level on leaf sheath. Tilapia probably eats the egg 
mass which causes of lower number of white leaf hoppers in the treatment rice with 
tilapia. 
The major groups of benthic fauna recorded during the present study were 
oligochaeta, chironomidae and mollusca. Common carp is more effective than tilapia in 
controlling the zoobenthos. Among the treatments, the highest number of zoobenthos 
was recorded from the treatment of rice alone and the lowest was obtained from the 
treatment of rice with carp which indicated lower feeding preference of tilapia for 
zoobenthos. Ali (1985) reported that about 80% of total food items of bottom feeder fish 
are benthic organisms especially some arthropods larvae and annelids i.e. oligochaetes 
as well as small molluscs. Chapman and Fernando (1994) reported that common carp 
and tilapia feed on chironomid larvae in lowland rice field. 
Significantly lower quantity of aquatic weeds was obtained in fish plots than in the 
rice alone. Rothuis et al. (1999) stated that the reduction of weeds in fish plots probably 
resulted from direct control by feeding on plant or grassy seeds as well as indirect 
control by uprooting plants. Fish have been reported to control weeds in rice fields, 
either through direct consumption of weeds (e.g., P. gonionotus) (Piepho 1987). Satari 
(1962) reported a decrease in weed abundance by 30% if common carp were cultured in 
rice field and a weed reduction of 40 to 47% when common carp and Nile tilapia were 
cultured together. The lower quantity of aquatic weeds in treatments with tilapia might 
be associated with higher feeding preference of weeds by tilapia. Haroon and Pittman 
(1997) found Oreochromis spp. as a detritivorous browser or surface grazer in the rice-
fish culture system in Bangladesh. 
Results of the study suggested that in rice-fish culture systems the combination of 
Cyprinus carpio and Oreochromis niloticus may effectively control weeds and zoobenthos, 
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and reduce arthropod population perhaps due to carp feeding on benthic organisms, 
and of tilapia feeding preferably on aquatic weeds and terrestrial arthropods. 
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